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The use of heat treatable 7075 aluminum alloys for the components of aerospace and aircraft 
industries are more common today .Aluminum alloys have many attractive advantages and 
properties which are more favorable to the fabrication of components and parts with greater 
flexibility. Superplastic forming (SPF) is a near net-shape forming process which is being 
used in aircraft industries for around thirty years in the fabrication of aluminium alloys in to 
aircraft structures and components .The process has many attractive advantages towards 
conventional forming techniques.Eventhough it has many advantages due to certain 
disadvantages like low forming rate , high working temperatures and high process cost. This 
has made the process not to be adopted in mass production scenarios in the industries. In the 
present study commercially available AA 7075 – T651 aluminum alloy is selected as the 
starting material and friction stir process is conducted at selective regions to alter the 
microstructure of the material to make it suitable for SPF. The material is further subjected 
to superplastic forming in to a bowel shape with inhomogeneous properties .Recent 
advancements in finite element tools have helped in the analysis of complex superplastic 
forming operations. those tools can be applied effectively if you want to develop optimized 
superplastic forming techniques to explore the plastic deformation conduct of the sheet all 
through blow forming.  A finite element commercial software ANSYS is used to carry out the 
simulations and calculation of thickness distribution , forming time and pressure cycle has 
been formulated  The results obtained by finite element code and the values obtained by 
theoretical analysis are correlated. 
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INTRODUCTION 
The Research and Development work in 
the field of superplasticity and superplastic 
forming become initiated in Aerospace 
enterprise improvement middle, Taiwan in 
the 12 months 1987,meant to manufacture 
several aluminum aircraft parts for the 
changed model of F16 fighter, Jing – Gwo 
technology I. intensive efforts were made 
in all components as a way to reduce 
Weight of the fighter. An worldwide 
collaboration R and D program established 
with a German corporation become 
released. One object became aimed on the 
SPF strategies the usage of the 8090 Al-Li 
skinny sheets. the primary SPF warm press 
system brought to Taiwan, made by using 
Murduck organization of united states of 
America, was installed soon after. It 
became a scale system that could produce 
large aircraft parts. [2]. 
 
Superplastic forming is an advanced sheet 
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upon the theory of super plasticity. 
Superplastic forming can be performed 
with only materials which has to ability to 
undergo an extensive plastic deformation 
of several hundred percent under 
controlled conditions. The feasible 
materials for superplastic forming include 
certain metallic elements like aluminium, 
magnesium, iron, titanium, nickel and their 
alloys, ceramics and intermetallic 
elements. Superplastic forming process 
goes through many steps by a hot forming 
inflating gas press; the blank, loaded on 
press and stuck by plates prepared with 
warmers and the die was preheated up to 
approximately 1000º C, once the 
superplastic temperature circumstance was 
reached, a gas become inflated in keeping 
with a pressure curve, so that the clean can 
be completely driven in opposition to the 
die. After forming, die and shaped blank 
will be cooled so that the blank can be 
pulled out. right substances to be first rate 
plastically shaped are aluminum, titanium 
and magnesium alloy. The Fig.1. Shows 
the schematic illustration of the equipment 
for superplastic blow forming. SPF has 
gained widespread application in such 
specific niche manufacturing areas due to 
the following reasons (i) Very Complex 
3D shapes can be generated from sheet 
metal that eliminates the need for 
subassemblies (ii) single surface tooling 
leading to low tooling costs comparing  
higher cost tools ,(iii) different ranges of 
sheet thickness can be used to form parts 
(iv) forming conditions can be optimized 
to reduce lead times for manufacture and 
(v) the process has excellent repeatability 
with zero spring back if the forming 
process is optimized [4].The major 
drawback with the conventional sheet 
metal forming processes are the poor 
surface finish and spring back which has to 
be overcomed by controlling the process 
variables. Superplastic forming process 
variables has a great influence over the 
quality and post forming properties of the 
finished product. The process parameters 
that influence the finished product are (i) 
Temperature (ii) Pressure Cycle (iii) 
Structure and geometry of the die (iv) 
thickness of the blank (v) lubrication.  
Lubrication and structure of the die is not 
considered because their influence is 
related to the particular shape that you 
want to get. 
 
 
Fig.1. schematic illustration of the 
equipment for superplastic blow forming. 
 
To evaluate the good properties of this 
type of manufacturing, it is necessary to 
consider the following aspects: 
 Thickness distribution 
 Maximum thinning  
 Evolution of cavitation  
 Forming time  
 Actual cost of manufacturing   
 
SUPERPLASTICITY 
 Super plasticity is continually developing 
as an attractive, cost-effective, near-net 
shape forming process for commercial 
applications. The superplastic deformation 
and forming of materials have come of age 
in two decades of extensive research and 
technological development. In spite of 
several advantages, the widespread use of 
super plastic forming has been hampered 
by the slow strain rate in the order of  (10
-
4–10-3 s-1)  required for maximum terrific 
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quantity manufacturing sectors, such as the 
automotive enterprise. Super plasticity in 
substances is the capacity of substances to 
gain massive elongation only under precise 
situations of temperature and strain price. 
Superplastic Forming (SPF) is an 
important commercial method that has 
located software in sheet metal forming in 
the aerospace and car industries. at the 
same time as all  materials do not exhibit 
superplasticity, a extensive range of 
substances together with  Metals, 
ceramics, metal / Intermetallic / Ceramics 
matrix composites , intermetallic and Nano 
crystalline substances show this conduct at 
some unique situations. Most of those 
materials do require a few unique 
processing conditions to attain the 
microstructural requirements important for 
SPF. But some substances as 
commercially processed exhibit 
superplastic conduct , e.g. Ti – 6Al – 4V 
alloy (An aerospace workhouse fabric). 
 
III. FRICTION STIR PROCESSING 
One of the main requirements for the 
superplastic behavior of any material is 
that the size of the grains should be less 
than 10µm. Materials with smaller grain 
size is not easily available, it can be 
attained by subjecting the material to 
material processing techniques. 
Techniques like Thermo mechanical 
Processing, Equal channel angular 
pressing, Severe plastic deformation and 
Friction stir processing are some of the 
techniques available for material 
processing. As each of the techniques has 
their own advantages and disadvantages, 
Friction stir processing is the recently 
developed technique for processing 
aluminum alloys with more benefits. 
 
Friction Stir Processing (FSP) is the only 
solid state technology that is capable of 
producing extensive-ranging micro 
structural adjustments at localized region 
of interest. This relatively new becoming a 
member of manner was advanced initially 
for aluminum alloys, through The Welding 
Institute (TWI) of the UK. it's far a solid-
country becoming a member of approach 
this is electricity efficient, environmentally 
pleasant, and flexible. it is considered by 
using many to be the most sizable 
improvement in metal joining in a decade. 
The fundamental idea of friction stir 
processing is remarkably simple. A 
rotating tool with pin and shoulder is 
inserted inside the fabric to be joined, and 
traversed along the road of hobby. The 
heating is localized, and is generated by 
friction between the tool and the paintings 
piece, with extra adiabatic heating from 
metallic deformation. A processed area is 
produced by motion of cloth from the front 
of the pin to the back of the pin. But, the 
pin and shoulder of the device can be 
modified to steer cloth waft and 
microstructural evolution. The Fig.3.1. 
Shows the schematic representation of 
Friction stirs processing. 
 
 
     Fig. 2 Friction Stir Processing 
 
The selection of pin profile has a major 
effect on the desired microstructure of the 
material. T. Dieguez et al has reported that 
the use of square pin profiles with AA 
7075 – T651 aluminium alloys can 
produce a very fine and stable 
microstructure .The Fig.3.2 shows the 
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A unique combination of properties puts 
aluminium and its alloys amongst our most 
versatile engineering and construction 
materials. All alloys are light in weight, 
yet some have strengths extra than that of 
structural metal. Aluminum and maximum 
of its alloys have accurate electrical and 
thermal conductivities and excessive 
reflectivity to both warmth and light.it can 
be classified as warmness treatable alloys 
and Non warmth Treatable alloys .It is 
available in different tempers like O ,T ,T6 
, T651 .Commercially available in 
different forms like sheets plates and 
ingots . In the present study AA 7075 – 
T651 aluminum alloy is taken for study. 
The properties of the base material and its 
alloy composition are given in Table 1 and 
2.  
 
Table 1 Mechanical Properties of the as 
Received 







1 Ultimate tensile stress 612.9 Mpa 
2 Yield tensile stress 552.9 Mpa 
3 Elongation  11% 
4 Hardness 160 HV 
5 Average grain size 30 µm 
 
Table 2 Chemical Composition of 7075 
T651 Al Alloy 










Commercially available AA 7075 – T651 
aluminium alloy has got a grain size of 30 




 Experimental data for commercial 7075 – 
T651 Al sheet of    thickness 4mm was 
taken from T.Dieguez et al [14]. FSP with 
a traverse speed of 51 mm/min and tool 
rotation rate of 514 rpm by using a H13 
tool steel  with 2.5mm side pin with 
concave shoulder of 12.5mm diameter was 
used to generate the microstructure with 
the grain sized of 4.65 µm.The FSPed 
material is subjected to tensile testing at 
three different temperatures ( 350ºC, 
400ºC, 450ºC)  with three initial strain 
rates ( 5X 10
-3
 , 1 X 10-
2 





to evaluate the tensile behavior of the 
material at different testing conditions and 
the results are obtained. Moreover the 
material should have the value of strain 
rate sensitivity (m) more than 0.3, 
preferably over 0.5.The Fig..4 shows the 
evolution of elongation to fracture as a 
function of initial strain rate for the 
different temperatures studied. 
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Generally tensile testing of materials 
provides less information about the stress 
formed and cavities generated in the 
material. In order to obtain more 
information about the stress formed and 
cavities generated in the material, A Blank 
of size 80 X 80 X 4 mm is taken as the 
base material. A circular region of 50mm 
from the center is Friction stir processed 
and subjected to Superplastic forming in to 
a bowel shape inside a hemispherical die 
cavity. The FSPed regions have m value 
more than or equal to 0.5 where the non –
FSPed regions in the blank have m value 
less than 0.3.The FSPed regions have a 
initial grain size of 4.65 µm.The non –
FSPed regions will not undergo 
superplastic forming when the gas pressure 
is applied over the FSPed region as the 
value of strain rate sensitivity (m) is less 
than 0.3 which is not suitable for the 
superplastic behavior of the material.The 
temperature and strain rate values adopted 
by T.Dieguez et al [14] has been taken for 
the superplastic forming of FSPed region 
in to a bowel shape. The Fig.5 shows the 
die cavity with blank placed over it.  
 
Fig.5. Die Cavity with blank 
Where  
ho –  Original Thickness of the Sheet (mm) 
h – Thickness of the Deformed sheet (mm)  
P – Forming Pressure (N/mm2) 
R – Radius of Curvature (mm)  
hd – Dome height (mm)  
 
Basic Assumptions  
 The material is isotropic and 
incompressible  
 Die entry radius assumed to be zero 
 Process is assumed to be plane strain 
condition for long length direction. 
 The diaphragam is rigidly clamped at 
the periphery of the die 
 
Analytical Models  
The stress and strain rate are related by  
σe  =  k έ
m                 
  -   (5.1) 
During forming the sheet is treated as a 
membrane the forming pressure is given 
by  
p  =(4 x σ x So x ho/h² +Ro²) x (sin β/ β) ²     
-   (5.2) 
 
β   = arc sin (2x h x Ro/h² + Ro²)  -    (5.3) 
 
S   = So (sin β/ β) ²     -                      (5.4) 
 
FINITE ELEMENT MODEL 
Superplastic forming is a complicated 
process involving large strain, large 
deformation, material nonlinearity and 
usually deformation dependent boundary 
conditions [15] consequently, the 
numerical analysis of such a highly non-
linear system involves difficulty in 
computation of the problems. The 
superplastic behavior of materials is 
characterized by the dependency of the 
flow stress upon the strain-rate, which 
allows the material to be described as 
rigidviscoplatic.There are two types of 
finite element method that are widely used 
in metal forming analysis i.e. the implicit 
finite element method and explicit finite 
element method. The explicit finite 
element method has the advantage of 
lower storage requirement and fast speed 
for a very large problems compared to 
implicit finite element method. The 
simulation of superplastic forming can be 
performed by using ANSYS workbench 
12.0 through explicit analysis. 
 
The FEM model of the die and blank used 
in our study are shown .The blank consists 
of two regions, one with coarse mesh of 
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mesh of FSPed region the die is modeled 
as a rigid body as it does not undergo any 
changes during the process. The boundary 
conditions imposed on the model were (1) 
The outer edges of the workpiece were 
fixed in all degrees of freedom simulating 
the clamping of the workpiece.(2) Zero 
displacement in the x and y direction were 
enforced at nodes along the symmetry axes 
and (3) Uniform pressure was applied on 
the top surface of the element The 
maximum pressure was limited to a 
maximum value 0f 1.80 Mpa in this 
model.The major process parameters, 
temperature and strain rate have strong 
influence over the final product. The 
temperature and strain rate used in the 
process are ( 350ºC, 400ºC, 450ºC)  ( 5X 
10
-3
 , 1 X 10-
2 





from the experimental work of 
T.Dieguez[14]. By using different 
temperature and strain rate values, a 
combination of 9 different pairs of 
temperature and strain rate are supplied for 
the process. 
 
The die and sheet configurations and the 
meshed model of both die and blank are 
shown in fig 6.1 (a) , (b) , (c). Finite 
Element simulations for the hemispherical 
dome shape are conducted in the study. 
The forming region of the die is 50 mm in 
diameter, and the initial sheet thickness is 
4 mm. The die is defined as rigid body and 
sheet as a deformable body with axi-
symmetric shell elements. The material is 
assumed to be isotropic, following the von 
Mises flow rule. A rigid-viscoelastic Finite 
Element Modeling for simulating 
Superplastic Forming processes was 
developed and a hemisphere cup shape 
was simulated.  The equivalent stress and 
equivalent stain formed during the 
superplastic forming process are simulated 
for different input conditions of 
temperature a strain rate. The results 





 is better than the results 
obtained for other values of temperature 
and strain rate .For temperature 350ºC , the 
problem is due to the lack of activation 
energy for the phenomenon of Grain 
boundary sliding which is much essential 
for SPF of aluminum alloys. 
 
. 
Fig. 6(a). Die with Cavity 
 
 
Fig. 6 (b). Blank 
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Fig.7 (a) Total deformation of the Blank 
 
 
Fig.7(b) Stress due to deformation 
 
At 450ºC  the major problem encountered 
is the grain growth due to the thermal 
instability of the FS Ped grain structure 
and also it leads to grain growth which 
further restricts the SPF process and also it 
induces more stress on the material 
compared to other temperature and strain 
rate conditions. The thickness distribution 
in the bowel shape has inhomogeneity 
where the thickness of the bowl bottom 
remains same as the initial blank thickness 
.The side walls of the bowel has much 
differences in thickness as they come in 
contact with the die cavity at the earlier 





The Finite element analysis of SPF of 
aluminum alloys has conducted at different 
input conditions of temperature and strain 
rate. The results obtained  from finite 
element analysis and analytical models 
have shown that the temperature of 400ºC 




 are far better 
than other input conditions of temperature 
and strain rate .The thickness distribution 
,Stress, and cavity formation during the 
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